The aim of the research is laboratory investigation of aluminium brackets employed to fasten lightweight curtain walls to building facilities. Tensile loads perpendicular to end plates (vertical) were applied here. The author focused on the solutions intended to increase the load-carrying capacity of aluminium brackets applying the plain washer form A (DIN 125; ISO 7089), plain washer with an outer diameter about 3d (DIN 9021; ISO 7093) and additional cover plates (straps) in the location of bolt anchoring on the base plate. The aluminium brackets were tested on a steel base and concrete substrate. The flexibility of anchoring strongly affects the increase of the end plate middle point displacement and movable crosshead displacement.
INTRODUCTION
Aluminium brackets form a group of the most popular elements applied to fasten lightweight curtain walls to building facilities in civil engineering (e.g. in mullion-transom wall systems to connect box-section aluminium profiles to structures, see Fig. 1 ). Curtain walls are complex systems composed of separate components (see e.g. Kazmierczak [8] ). One of the most important design problems of curtain walls is a proper choice of a bracket and its fastening to a building structure. Improper bracket design and/or its fastening may trigger problems with curtain walls (see e.g. Tovarović et al. [9] ). Moreover, inadequate support of glass façade elements eventually brings about the extreme danger to life and property. Ambroziak et al. [1] have undertaken numerical and analytical investigations of aluminium bracket strengthening by additional cover plates (straps) in the case of insufficient load-bearing capacity and stiffness due to design loads. The proposed research addresses laboratory tests to experimentally assess the increase of bearing capacity of the aluminium bracket applied to fasten lightweight curtain walls to building facilities. 
MATERIALS
An investigated aluminium bracket consists of an end plate and two cantilever plates (Fig. 2) . The end plate is 180 mm wide and 140 mm high, showing various thickness: 8 mm and 5 mm (in the middle of the end plate). The cantilever plate of 6 mm thickness is 145 mm wide and 140 mm high, includes two normal holes of a 13 mm diameter. Two oval holes (13 mm by 30 mm, Fig. 2 ) in the end plate are provided to fasten the aluminium bracket to the building structure. 3. In the first variant, two A4-70 stainless steel bolts M12 (diameter of 12 mm) were used to fasten the aluminium bracket to the steel plate of 25 mm thickness. In the concrete foundation case two bolt anchors made of A4 stainless steel were applied. The anchoring process of the aluminium bracket on concrete consists of several actions. First of all the drill hole was made, next, the anchor was hammered in, finally, the nut was tightened with a controlled torque equal 60Nm ( Table 2) .
Reinforced concrete elements were applied of strength class C30/37 (compressive strength: 30MPa cylinder and 37 cube according to standard EN206 [7] ), their dimensions are: thickness 20 cm, width 38 cm and length 70 cm. The laboratory tests were focused on solutions to increase the loadcarrying capacity of aluminium brackets due to three types of washers applied in the location of bolt anchoring on an end plate, see 4. The laboratory-tested concept of a strengthened end plate of the aluminium bracket by additional cover plates (straps) can be compared with the concept of a reinforced T-stub flange with backing plates (see e.g. Zoetemeijer [3] , Nair et al. [4] ). The aluminium bracket and cover plates (straps) are made of EN AW-6060 T66 aluminium alloy. The material parameters for the EN AW-6060 T66 aluminium alloy can be found in civil engineering standards. Table 1 includes major mechanical properties of the EN AW-6060 T66 aluminium alloy due to wall thickness from 3 to 25 mm. In the case of concrete foundation, the M12 bolt anchors were installed in a drilled hole in a concrete element and anchored by torque-controlled expansion. The base technical data due to torquecontrolled expansion anchor dedicated to concrete is available in Table 2 . 
LABORATORY TESTS
The tensile loads perpendicular to the end plate (vertical) were applied in laboratory tests by means of the computer-controlled Zwick testing machine (Fig. 4 ). The aluminium brackets were subjected to tension with a constant loading speed (force controlled) equal 5000 N/min (according to the ETAG 034 guideline [6] . All tests were performed at room temperature (about 20 o C). First of all, the experiments were performed with a constant loading speed to failure of the aluminium brackets or damage of anchoring under the steel base (type A1, B1, and C1) and concrete base (type A2, B2, and C2), see 
DISCUSSION AND CONCLUSIONS
The investigation is aimed at assessing mechanical properties of aluminium brackets strengthened by washers and straps (cover plates) on steel base and concrete foundations. The paper supplements and develops former investigations carried out by Ambroziak et al. [1] , it may provide scientists, engineers, and designers with an experimental and theoretical basis in the field of mechanical properties of strengthened aluminium brackets. Based on the performed laboratory tests the following conclusions may be drawn:
x Rupture forces of the aluminium bracket on a steel base (see Fig. 6 and Table 3 ) rise up (36% and 15%) while applying the washer with an outer diameter about 3d (large washer) and additional aluminium cover plates (straps). On the other hand, while an aluminium bracket is tested on a concrete foundation (see Fig. 6 and Table 3 ) insignificant increase of rupture forces (about 5%) is observed. Rupture forces are determined by means of bearing capacity of bolt anchors. It should be noted that permissible loads for bolt anchoring are affected by a great number of factors (see e.g. Ambroziak and Solarczyk [2] ).
x The displacements of the end plate middle point of the aluminium bracket with cover plates (C type) under tensile loads on a steel plate (see Fig. 13 and table 6 ) clearly exhibit the increase in stiffness and decrease in displacements, comparing the A and B type specimens.
On the other hand, when aluminium brackets on concrete foundations were tested the differences were apparent in the case of higher loads (see Fig. 14 and table 7) . The aluminium bracket with cover plates (C type) shows an increase in stiffness and decrease in displacement over the tensile load of 25kN.
x The flexibility of anchoring strongly affects the increase of the end plate middle point displacement and movable crosshead displacement (compare Figs. 7-12 ). It should be noted that flexibility of anchoring on a steel base is restrained by stretching the steel bolts only (see Fig. 5 ). When the torque-controlled expansion anchors are applied additional slip in the anchoring is observed. The bolt anchor manufacturers' guidelines specify a displacement value of bolt anchor under tensile load (see table 2 , factor N G f mm/kN). The design of bolt anchoring should be intended not only to fulfil loading conditions but also to compare their flexibility (slip in anchoring due to loads).
x 
